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The U.R.I. SCUBA Safety Program

In May of 1969 the Food and Drug Administration of the U.S. Public Health Ser-
vice provided funds to the Department of Ocean Engineering for a general study
of civilian SCUBA safety. Following that original grant, further assistance
has been provided by the Sea Grant College program of the National Oceanic and
Atmospheric Administration and the U.S. Coast Guard, these grants enabling the
Department to expand its safety and engineering studies of civilian diving.

In addition to this report, others dealing with accident statistics, equipment
and use studies, and the enhanced use of diving in a variety of applications are
available ox' in preparation.

Report costs axe adjusted to cover paper, printing, mailing, and secretarial
expenses. Since the Ocean Engineering Department cannot bill or handle invoices,
please send your check or money order with your request to Mr. John McAniff,
227 WaleS Hall, UniVeX'Sity Of RhOde ISland, KingStOn, Rhode ISland 02881.

Due to the unexpectedly large demand for previous reports, the Department lacks
sufficient secxetarial assistance to provide notification of new offerings in
the SCUBA Safety Report Series to those ordering earlier xeports. we suggest
that interested members of the diving community write us at yearly or half-
yearly intervals noting what reports they own and requesting new ones. We will
send available material and bill. Since we are not primarily a publishing
house, delays of up to six weeks can be expected when demand is heavy.

In addition to this report, related reports and publications now available are
as follows:

"Sound Localization and Homing of Scuba Divers", T. Leggiere, et.al., Mar.
Tech. Soc. J., 4, 1970, 8 pages. Reprints are available free of charge
upon request.

"Corrosion of Steel Scuba Tanks", Scuba Safety Series, Rept, No. 1, Univ.
of R.I., Two dollars.

"skin and scuba Diving Fatalities Involving U.S. citizens, 1970", Scuba
Safety Series, Rept. No. 2, One dollar.

"Non-Fatal, Pressure-Related Scuba Accidents, identification and Emergency
Treatment", Scuba Safety Series, Rept. No. 3, One dollar.

Portions of thia report may be reproduced without prioX' permission fox' non-
commercial purposes appropriate to the aims of the U.R.I. SCUBA Safety Study.
Others should contact the department for permission to reprint.



SinCe itS inCeptiOn in 1969, the U.R.I. SCuba Safety Px'OjeCt haS been mainly
concerned with accident statistics and specialized safety engineering studies
Of SCuba apparatuS. The Tektite II eXperiment, With itS eXtenSiVe diVing timeS
and multiple-use aspects, offex'ed the world diving community an important
opportunity to assess the potential of shallow saturation diving and to learn
how scientific and engineex'ing tests in the shallow ocean can best be carried
forward. There are important safety lessons to be learned from Tektite II but,
in addition, there are many other useful facts concerning the relative advantages
of rebreathers, the maximum daily work loads that can be expected from divers
living on the bottom, and the physical and mental characteristics that, make an
"ideal" shallow scuba diver. Thus the publication of this excellent study by
Mr. Tenney, himself an engineer, experienced diver, and Tektite II participant
is in keeping with the basic safety orientation of the earlier U.R.I. work and
also broadens our concerns to encompass the general advancement of civilian
diving in the United States.

It is unlikely that many amateur divers will have the opportunity to work from
shallow habitats for the next few years, although we forsee an increased use
of these devices for general scuba education. Nevertheless, Mr. Tenney's
statistical studies of the Tektite experience are of use to all serious divers.

Some x'eaders of this report will lack the statistical background needed to fully
understand the several tables of data used by Mx'. Tenney. In general, the
basic meaning of the data should be clear from the written statements, without
regard to the statistical tables. A comparison is said to be "significant" when
there is only a slight probability of it occurring purely by chance or "luck".
"Correlation" defines the degree of relationship between two vax'iables. For
example, age and death rate would show a strong positive correlation for humans..
That is, the older a person is, the greater the probability that he will die.
Longevity and smoking-incidence in a given age gx'oup shows a negative correlation,
the two being inversely related. Correlation coefficients vary from plus to minus
one with a value of zero indicating that the two variables have no interaction
or causative relationships with each other.

The Scuba Safety Series will be pleased to review materials of this sort
appropriate to our purposes and to the interests of the world diving community,
especially items that are inappropx'iate for journal or magazine publication
because of length or other constraints.

Hilbert Schenck, Jr.
Professor of Ocean Engineering
University of Rhode Island
Kingston, Rhode ISland
Octobex' 1971



ABSTRACT

The Tektite 2 program was a manned saturation diving program in which an undersea
habitat was used t:o provide a base of operations for scientific divers living
and working on the sea floor. In the course of this program the habitat was
occupied by 48 scientist: and engineerMivers for periods ranging from 12 to 30
days. Each diver made numerous excursions during each 24 hour period under a
range of conditions. Safety records maintained from the surface permit a wide
range of contrasts to be made on diver performance under field conditions.
Typical contrasts which are evaluated include: day-night, male-fernale, team
leader-team member, open circuit scuba-closed circuit rebreather, short mission-
long mission and scientist-engineer. In addition, hypot:heses are statistically
tested concerning durat:ion, frequency and conditions of saturation diving ex-
cursions.

Saturation diving is an effective but expensive technique for undersea research
and development. The conclusions of this analysis will be of assistance to
engineers and program technical planners in selecting crews, determining operational
procedures and procuring diving equipment to increase diving time and effectiveness.



INTRODUCTORy BACKGROUND

In recent years advances in the development of diving equipment have led to
the widespread use of diving for scientific and technical purposes. Until the
past decade however man has been effectively tied to the surface despite his
equipment. Using whatever technique he chose he was still limited to short
stays at relatively shallow depths. His stays on the bottom were limited by
considerations of the decompression time required to return to the surface.

Pioneering work by Dr. George Bond of the U.S. Navy led to the concept of
saturation diving. Bond proposed that when a diver remains at a fixed pressure
for a prolonged period he reaches a point at which his tissues are unable to
absorb additional dissolved nitrogen. At this point he becomes "saturated" and
the time required for decompression from this depth is independent of the time
during which he remains under pressure. This concept was verified experimentally
by the UPS. Navy in chamber tests.

Following the verification of the concept based on animal tests and tests on
human subjects, the technique was used by Jacques Cousteau in "Conshelf I", the
first of a series of demonstrations that a man could live and work in the sea

for extended periods' This program consisted simply of moving the pressure
chamber from the laboratory to the ocean. By placing the chamber at a fixed
depth its occupants could come and go at will returning to the chamber after
excursions into the water. In this manner, the penalty of decompression was
paid only once � upon final return to the surface. The first demonstration was
highly successful and permitted two men to live in a habitat in the Mediterranean
near Marseille for a week at a depth of 35 feet. The groundwork was thus laid
for the development of equipment and techniques which would extend the depth and
the duration of man's thrust into the sea.
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Decompression refers to the systematic reduction in pressure which must be
followed when a diver returns from depth. The development of scientific de-
compression procedures and tables begins with work by prof. J.B.S. Haldane  l907!
and for practical diving purposes culminates with the U.S. Navy Diving Manual  l!.



Cousteau's Conshelf I program was carried out in 1962 and virtually coincided
With the Man-in-Sea l PrOgram Of EdWin A. Link. TheSe Well PubliCiZed PrOjeCtS
were followed by the even better publicized Conshelf II �!  Cousteau! and Man-
in-Sea II �!  Link!. Next the U.S. Navy entered the arena with Sealab I �! in
1964. This was closely followed by Sealab II �! in 1965. The literature on
the latter programs is extensive and the references cited here are for general
information and do not suggest the depth to which these programs have been
described.

Figure 1 �! indicates highlights of habitat programs to date. This figure
shows the programs of greatest significance but is by no means complete. More
than 35 undersea habitats have been constructed. Most of these are described in
Ref. �! which is the best, available survey paper to date.

The most recently completed project, Tektite II, ended in November 1970 after
an operational period of more than 7 months. This program was designed primarily
to place working scientists in the sea and was, in many ways, a continuation of
Tektite I  8! ~ It is highly probable that the number of scientific diving
hours accumulated on Tektite II is greater than the total of all diving hours
from previous programs.

Thus from a beginning in 1962 the numbers and types of' saturation habitats have
increased rapidly. More importantly it has been shown that shallow water habitats
can be operated by working scientists. Our subsequent analysis of past performance
is oriented toward increasing the effectiveness of diving scientists and reducing
the cost of scientific work from saturation habitats.

There are numerous problems associated with the use of saturation habitats for
scientific work. These stem from the fixed costs associated with equipment and
from the recurring costs associated with operational personnel, supplies, main-
tenance services and equipment replacement. There are technical problems related
to equipment and operational problems which arise from administrative and manage-
ment aspects. Nevertheless the general usefulness of habitats for marine science
has been well established by programs to date and the next decade will undoubtedly
see advances. One of the recommendations of the Stratton Commission  Commission
on Marine Science, Engineering and Resources! dealt specifically with saturation
habitats and recommended "a program of fixed continental shelf laboratories. These
laboratories, conceived as permanent structures emplaced on the shelf bottom,
would include living and working quarters for 15 to 150 men. Some compartments
would be maintained at a pressure of 1 atmosphere and others would be pressurized
to support, divers performing long duration saturation dives."  9!

But the cost and complexity of previous programs may tend to delay subsequent
activity. Part of the problem in determining the cost-effectiveness of scientific
saturation diving was recognized in a recent report by the Marine Sciences Council.
"As in the case of most scientific endeavors it is not possible to carry out cost-
benefit analyses since the results of scientific work cannot be assessed in eco-
nomic terms. Assessments of this type are more difficult when new techniques are
in the early stages of development, and many of the costs cannot accurately be
measured, let alone the benefits.



One factor which can perhaps be calculated as soon as there is enough evidence from
early experience with habitats is the cost of doing certain scientific experiments
from the habitat in comparison with doing the same tasks by bounce diving from
the surface. The proponents of stationary habitats will in the long run have
to demonstrate the superiority of the technique for various depths and uses." �0!

Saturation diving programs are concerned with extending the time a man can spend
working productively in the sea. The programs are, in a sense, buying underwater
time, and buying it at a high cost. For this reason, the U.S. Navy has undertaken
several studies of human performance, as related to divers. Several of these
studies stemming from Sealab II are reported in Refs. �1, �2!, �3!, �4! and
�5! .

Numerous criteria were evaluated as indicators of performance including age,
diving experience, birth order and size of hometown. other subjective parameters
such as fear, arousal, and gregariousness were also measured by self report
and correlated with diving performance. The in-water measures selected for
evaluation were, number of performance tests, number of sorties and diving time.

These previous studies were oriented toward military divers working under condi-
tions of extreme hazard. Based upon the results of Tektites I and II it appears
that many more hours of diving will be spent in the future by non-military
diving scientists working under conditions where the hazards are somewhat reduced.
For this reason it is appropriate to carefully examine existing records to deter-
mine ways in which the future prediction of performance can be improved. The
Tektite Programs have provided a large volume of data which will be of benefit,
in planning subsequent programs and in resolving problems associated with cost
effectiveness estimates. In particular, Tektite II provided a relatively large
sample size for evaluation.



DESCRIPTIONS OF THE TEKTITE PROGRAMS

The Tektite I program was a scientific saturation diving program sponsored by
the U.S. Navy. This shallow water habitat program enabled 4 scientists to live
and work at a depth of 50 feet for 60 days. During this program which was
conducted from February 15 to April 15, 1969, the scientists made daily excur-
sions from the habitat to nearby coral reefs. The literature on this multi-
faceted program is extensive and Refs.  8!, �6!, �7!, and �S! give a good
general overview of the program.

During this program all diving from the habitat was accomplished on conventional
double tank SCUBA which permits a single dive of approximately one hour at a
depth of 50 feet. In order to continue a task it was necessary to return to
the habitat and refill or change tanks. As a consequence diving time was not
spectacular and led critics to claim that the program might easily have been
accomplished working from the surface. In describing the Behavioral Program,
Dr. James Miller, one of the Navy's program managers, indicated "Each man spent
approximately 2 hours per day in the water. Although this time could have been
greater, even with existing equipment, it is anticipated that a significant
increase will take place when equipment is utilized that does not require fre-
quent recharging of SCUBA tanks." �9!

Following Tektite I, the scientist aquanauts reported on their program to the
U.S. House of Representatives Subcommittee on Merchant Marine and Fisheries �0!.
One of the few complaints voiced at the presentation was that diving performance
had been hampered somewhat by a lack of the best available diving equipment. At
the time of this charge the best existing equipment was in fact under U.S.
Navy classification restrictions. The testimony before the House committee
included a list of recommended improvements for subsequent programs. At the top
of this list was extended duration  closed-circuit! underwater breathing apparatus.

It is possible that the identification of this problem before the committee was
instrumental in having the Navy's classification lifted from commercial equipment
during the second Tektite program.

The Tektite II Program, like its precursor program, was a scientific saturation
diving habitat sponsored by the U.S. Department of the Interior. The goals
and objectives of this complex multiagency program are summarized in Table l.
During the program, ten five man teams occupied the habitat for periods which
varied from 12 to 30 days. The planned program schedule for occupancy is shown
in Figure 2. The program is described in detail in Ref. �1!.

The program began on April 4, 1970, and ended in November 1970. Work from the
50 foot habitat was accomplished smoothly and uneventfully  although the proposed
use of a smaller habitat at 100 feet was cancelled!. During Tektite II much
care was taken to insure the safety of participating divers. Surface monitors
maintained around the clock vigilance and safety divers were working from small
rubber boats and stood by when divers were in the water. Major elements of pro-
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gram safety planning are given in Reference �2! .

Table 1 Tektite II Program
Objectives

0 Provide marine scientists with unique opportunities for
underwater research so they may gain more information on
the characteristics of reefs and their associated fauna
and flora.

0 Generate research data on human behavioral dynamics and
habitability assessment for small crews in confined liv-
ing spaces.

0 Refine and supplement biomedical information on nitrogen
saturation diving to depths of 100 feet.

0 Stimulate the growth of ocean sciences and technology-
particularly in the area of man-in-the-sea.

Table 2 Selection Criteria for
Tektite II Scientist Aquanauts

1. Selection of proposed experiment by Tektite Ocean Floor
Research Selection Panel.

2. Demonstration of completion of a recognized course of
diving instruction.  e.g., NAUI, NAVY, YMCA, etc.!

3. General physical examinations'

4. Special physical examinations as required by Tektite Medi-
cal Advisory Panel.

5. In water � proficiency checkout, by Tektite Diving Super-
visor at the site.
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Diving recox'ds for all Tektite divers were maintained continuously during the
program by Department of Interior Watch Directors. Information was recorded
directly in the Watch Directors Log and no separate diving logs were main-
tained by individual divers. Primary emphasis was placed on recording correct
times for departure and return to the habitat. In some cases the Watch Directors
recorded the type of equipment being used by the aquanauts however in many
instances it is not possible to determine whether the diver used a full or partial
wet, suit, single or double air tanks, or carx'ied particular tools or safety
devices. In spite of limitations, the Watch Directors Log provides considerable
information of great potential value to subsequent programs.

During the program, a total of more than 2400 hours of diving time was accumu-
lated. This body of data is sufficiently large to permit valid statistical
analyses to be made.

Participating scientific divers wex'e selected based upon acceptance of their
proposed scientific experiment by a screening committee from the Smithsonian
Institute. Additionally each scientist aquanaut was requix'ed to satisfy a.
range of acceptance criteria summarized in Table 2.

The experiments performed by the scientists are of interest and in many cases
the experiment determines the type of diving that is required. Experiments
are summarized in Table 3.

Dux'ing the Tektite px'ogxam, dives were made using open cycle scuba, closed
cycle scuba and hookah. Open cycle scuba consisted simply of a demand regulator
attached to a single or double tank. For purposes of safety and reliability,
two separate x'egulators were used whenever two tanks were used. Single tanks
were used very seldom because of their limited duration.

closed cycle equipment consisted of the General Electric NKl0 Mod 0 which was
used by Team 2, 3 and 4; the %010 Mod 3 was used by subsequent teams. Diving
scientists were required to complete a course of instruction in the use of
these rebx'eathers and were required to demonstrate in-water pxoficiency before
being permitted to use them. Not all aquanauts employed rebreathers.

Some diving was performed on hookah. A hookah consists of a demand regulator
and hose attached to a bottle bank which permits the aquanaut to stay in the
water for long periods of time in close proximity to the habitat, The hookah
hose on Tektite was quite short limiting its usefulness and as a result it was
seldom used. Time spent on hookah was minimal and has been included with time
spent on open cycle scuba in order to simplify computations.

The safety record on Tektite 2 was excellent and all planned programs from the 50
foot habitat were completed successfully. Preliminary reports indicate that.
a large amount of useful scientific wox'k was completed and a final report is
currently being prepared by the U.S. Department of the Interior.

As a final note on saturation diving it should be noted that it is a new ex-
perience for most scientists. In his "Quick Look" Report to the Depax'tment



of the Interior, Bill High  Team 1! wrote:

"The advantages of saturation diving over conventional scuba
techniques are obvious but, to most scientists the experience
is so novel that it is difficult to preplan experiments due
to a lack of experience and knowledge of the full potential
this type of diving offers."



Table 3 Summary of Tektite 2
Saturation Diving Experiments

Mission InvestigatorExperiment Title

"Precise In Situ Neasurements of Some

Chemical Parameters"

"Observations of Fish Behavior in Re-

lation to Fish Pots"

"Continuation of Underwater Geologic
Studies in the Lameshur Bay Area, St.
John, U.S. Virgin Islands"

"Ecology, Behavior and Population Dynam-
ics of the Spiny Lobster, Panulirus argus,
in the Virgin Islands"

"Continuation of Underwater Geologic Stu-
dies in the Lameshur Bay Area, St. John,
U.S. Virgin Islands"

"Dynamics of Predation by 'fr vertebrates
and FiSheS On Coral Reef ASSOCiatiOnS"

"Passive and Experimental Bio-Acoustical
Studies on Marine Organisms in Their
Natural Habitat"

"Comparative Studies of Sublittoral
Vegetation in the Virgin Islands and
the New England Coastlines"

"The Ecology and Behavioral Patterns
of the Motile Fauna ASsociated with

Tropical Marine Soft Bottom Communi-
ties

Mr. Richard W. Curry,
Nr. Roger J. Dexter-

Institute of Nar'ine and

Atmospheric Sciences,
University of Miami

Dr. Alan J. Beardsley,
Mr. William J. High-
U.ST Bureau of Commerical

Fisheries, Seattle

Dr. H. Edward Clifton,
Dr. Ralph E. Hunter-
U.S. Geological Survey,
Nenlo Park, California

Mr. John VanDerwalker,
Tektite II Program Office
and Mr. Ian Koblick, Gov-
ernment of the Virgin Islands

Mr. R. Lawrence Phillips,
U.S. Geological Survey,
Nenlo Park, California and
Nr. D. Bowman, Narine Bio-
medical Institute, Galves-
ton, Texas  continuation
of 2-50!

Dr. Charles Birkeland,
Brian Gregory � University
of Washington

Dr. Thomas J. Bright,
Dr. William W. Schroeder-

Texas A&M University,
College Station, Texas

Dr'. Arthur C. Nathieson,
Mr. R. Fralick-UniVerSity
of New Hampshire, Durham

Dr. Renate True � Tulane

Medical School, New

Orleans
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Table 3 Summary of Tektite 2
Saturation Diving Experiments

Mission Experiment Title Investigator

"Reef Vegetation; qualitative Distribu-
tion and Observations on the Influence
of Fish Herbivores"

"The Escape Response in Pomacentrid
Coral Reef Fish"

"Biology Studies on Benthic Cephalopods
Especially Octopods"

"Ecology, Behavior and Population Dynam-
ics of the Spiny Lobster, Panulirus
argus, in the Virgin Islands"

"Photosynthesis in Coral-Algal Associa-
tions"

"EffeCtS of Man-Made POllutiOn on the

Dynamics of Coral Reefs"

"Ecology, Behavior and Population Dynamics
of the Spiny Lobster, Panulirus argus, in
the Virgin Islands"

Dr. Sylvia Earle-
Farlow Herbarium-

Harvard University,
Cambridge, Massachusetts

Mrs. Ann C. Hartline,
Miss Alina M. Szmant-

Scripps Institute of
Oceanography, University
of California, San Diego

Dr. Frederick G. Hochberg,
University of California,
Santa Barbara and

Mr'. John AD Couch

Bureau of Commercial Fish-

eries, Oxford, Mar'yland

Dr. william F. Her'r'nkind,
Florida State University,
Tallahassee and Mr. Louis

N. Barr-Bureau of Commer-

cial Fisheries, Auke Bay,
Alaska  continuation of 2-50!

Dr. J. Morgan Wells, Jr.

Wrightsville Marine Bio-
Nedical Laboratory, Wilming-
ton, North Carolina

Dr. Richard H. Chesher

Westinghouse Ocean Re-
search Laboratory, Miami
and Dr. Lawrence R. Nc-

Closkey-Marine Biological
Laboratory, Woods Hole,
Massachusetts

Mr. Robert Ellis-Bureau

of Commer'cial Fisheries,
Auke Bay, Alaska and
Dr. Richard Cooper
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Table 3 Summary of Tektite 2
Saturation Diving Experiments

Mission Experiment Title 1nvestigator

10

"Algae Nitrogen Fixation Studies"

"Diurnal-Nocturnal Activity Patterns of
Reef Fishes"

"Habitat Selection and Resource Sharing
in West 1ndian Fish Communities"

"The Trophic Relations Between Coral and
Sand Endofauna and Benthic Carnivores

During a 24-Hour Cycle"

"Distribution of Zooplankton, Phytoplank-
ton, Organic Detritus and Anorganic Ses-
ton in the Bottom of Lameshur Bay"

Bureau of Commercial

Fisheries, West Boothbay,
Maine  continuation of
2-50 j

Dr ~ M. Heeb and Dr. C. Lee-

Institute of Marine and

Atmospheric Sciences,
University of Miami

Mr. Bruce Collete-

U.S. National MuSeum,
Washington, D.C. and
Mr. Frank Talbot, the
Australian Museum, Sydney,
New South Wales, Australia

Mr. C. Lavett Smith-

The American Museum of

Natural History, New York
and Dr. James C. Tyler,
The Academy of Natural
Sciences of Philadelphia

Dr. Jean-Georges Harmelin
Marseille, France

Dr. Roland vonHentig-
and Dr. Wolfgang Hickel-
Biologische Anstalt
Helgoland, Hamburg,
Germany



DIVING DATA

Diving times were recorded by watch Directors on the surface. A summary of
diving times was maintained by program officials but this summary did not
provide all of the information required for this evaluation. Consequently,
it was necessary to refer to the ox'iginal logbooks which were loaned by the
Tektite program Office of the U.S. Department of the Interior. Additional
information on age and weight loss was obtained from the Marine Biomedical
Institute in Galveston, Texas.

The basic parameters which ax'e employed are:

l. Missi.on Duration

2. Diving Time � Total
3. Diving Time � Daylight
4. Diving Time - Night
5. Diving Time � Rebx'eathers
6. Diving Time � SCUBA
7 ~ Number of Dives

8. Numbex' of Dives � Daylight
9 ~ Number of Dives - Night

10. Number of DiveS � Rebreathers

11. Number of Dives - SCUBA

l2 . Age
13. Weight at Start of Mission
14. Weight at End of Mission

These parameters are summarized fox' each of the 48 divers in Table 4. In
accordance with requests by NASA, th* three 20 day missions - 2, 3, and 4
were run without a break in between. Only two engineers were used during this
60 day period and consequently each engineer stayed for 30 days and was involved
in two missions. A similar pattern was employed for Missions 6, 7, and 8.

On the average, each scientist spent 187 minutes pex' day in the water. This
represents an improvement over Tektite I which reported 108 minutes per day for
each aquanaut.

Individual performances are of interest and the ten highest daily averages for
in-water time are shown in Table 5.

The highest daily average belonged to a woman and commands first place by a
wide margin. Intex'estingly, one of the Tektite II aquanauts who had been on
Tektite I told a House of Representatives Subcommittee, �0! "I would liked to
have been able to spend at least six hours every day in the water, but we had
to change the Baxalyme and cook the meals and put certain pieces of gear back
together occasionally and it was just simply a matter »f wanting to spend more
rim» on the primary»1>jectives and 1»ss l im» on h;>us»k»»pin<~."
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Table 5 Highest. Daily Average
Time in Water

Diver Minutes/Day Hours/Day

Table 6 Highest Average Number
of Daily Dives

Average
Dives/Day During MissionDiver

1. High
2. Beardsley
3. Dexter

4. Clifton

5. Hochberg
6. Von Hentig
7. Hunter

8. True, M.
9. Birkeland

10. Tyler

Table 7 Longest Average Dive
Duration

Average Dive Duration  Min/Dive!Diver

l. parle

2. True  R!
3. Hartline

4. Phillips
5. Szmant

6. Harmelin

7. Birkeland

8. Bowman

9. Gregory
10. Lucas

l. Earle

2. Birke land

3. Hartline

4. Von Hentig
5. Barr

6. Hochberg
7. Harmelin

8. High
9. Chesher

10. Bowman

349. 1

298.8

274.2

273.7

260.6

251.2

250.8

240.3

226.9

223.0

4.67

3.83

3.75

3.40

3.28

3.27

2.25

3.20

3.16

3.11

125. 3

125.3

106. 6

106.0

100.7

100.3

99.6

99. 1

96.6

95.4

5 ' 82

4.98

4.57

4.56

4.34

4.18

4. 18

4.00

3.78

3.72



On Tektite II, no one reached an avex'age daily time of 6 hours and we can
probably conclude that this is a difficult goal. Table 6 indicates the ten
highest avex'ages for number' of dives. Table 7 indicates the top ten average
dive durations'

Using the basic pax'ameters of Table 4 a statistical program was run to determine
means, standard deviations, standard errors and similar simple statistical
descriptions. In addition, several new parameters were generated such as:

o Number of dives per day in vax'ious categories

day.night. Scuba.rebreather.total

o Average dive duration in various categories

day.night. Scuba.rebreather.total

o Average daily diving time in various categories

day.night. Scuba.rebreather.total

The means for each of these categories were normalized. Three separate
populations wexe considered as follows:

1. Total Aquanaut Population �8!
2. Scientists Only �0!
3. Engineers Only  8!

The x'esults of these analyses are shown in Appendix A � Diving Statistics.

It can be seen from data in Appendix A that the performance of aquanaut engineers
is different from that of scientists. This is appropriate since their role is
to free scientists from routine chores. For this reason, the engineers will be
excluded from subsequent analyses.



IV

DATA ANALYSIS

Using data fr'om Table 4 correlation coefficients were determined for 17 measures
of diving performance. Results are shown in Table 8. For the sample size �0!,
confidence intervals of .95 and .99 are indicated by values of~greater than
.31 and .40 respectively. For convenience Table 9 indicates only those corre-
lations that are significant at the .95 level. Scatter diagrams for the re-
lationships in Table 9 are contained in Ref. �3! for some of the stronger re-
lationships.

No significant correlation was noted between length of mission and average time
per day  -.15!, or between average time per day and age  -.18!. This agrees
with findings by Helmreich �2! but it is interesting that. both coefficients,
while not statistically significant, are negative.

Total diving time is seen to be strongly related to rebr'cather diving time  .32!
but even more strongly related to nightdiving  .68!. Stated differently, divers
who spend a lot of time diving at night, also spend more time diving than their
companions. Perhaps an enthusiasm for night diving is a good indicator of an
aggressive attitude toward diving in general.

Rebreather diving time is seen to be related to the number of night dives  .35!,
again indicating that active, aggressive diver's are more inclined to use new
equipment and to dive at night.

Night diving time is strongly correlated with the average time per day  .48!
again suggesting the use of night diving experience as a performance predictor.

The total number of dives per day is inversely related to the ratio of r'ebreather
dives to total dives  -.34!. This indicates that an individual who makes a
high proportion of his dives using rebreathers is apparently able to complete
his work and has the need to make fewer dives.

The total number of rebreather dives is related to weight. loss  .32!, to age
 .38! and to 4 weight loss per day  .32!. This suggests that the use of re-
breathers is associated with a higher level of activity or with increased energy
expenditure.

The number of night dives is correlated with both the average time per day  .40!
and the average number per day  .35!.

Rebreather time was significantly less for heavier divers
elusion is somewhat weakened by the fact that rebreathers
the first mission. Individuals who had higher rebreather
daily averages  .36! and the duration of their dives were

 .52! but this con-

were not available to

times had higher
longer  .53!.
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Some of the most interesting and unexpected correlations are with aquanaut
weight. Weight is negatively correlated with weight loss  -.36! indicating that
with lighter divers more weight was lost. Heavier divers also spend fewer
minutes per day in the water  -.33! and they spent less time on each dive  -.53! .
This set of relationships is one of the strongest that was found and the scatter
diagrams shown in Figures 3 and 4 indicate that above the weight of 175 lbs.
a diver's in-water performance is likely to be less than that of his lighter
companions.

The percent of body weight that is lost is correlated to the two parameters
of rebreather use, NR/NT  .43! and TR/TT  .37!. A picture emerges of a smaller,
more active diver who spends a higher fraction of his time using advanced
equipment and consequently loses more weight.

The average number of dives per day has an inverse relationship to the time per
dive  -.32! indicating that divers who made the most dives per day also made
shorter dives. This fact is closely related to use of rebreathing equipment
and is borne out by correlations between the average number of dives per day
and the two parameters of rebreather use NR/NT  -.38! and TR/TT  -.35!.

The average time per dive is also related to rebreather use parameters NR/NT
 .43! and TR/TT  .44! indicating that divers who spent most time on rebreathers
tended to stay out longer.

Some of the factors which may have influenced performance as subsequently analyzed
are summarized in Table 10.

On the average, each diver spent approximately 2895 minutes in the water. Of
this total, 2028 or 70% was spent on conventional Scuba using double tanks.*
The remaining time was spent using closed cycle rebreathing equipment.

SCUBA equipment was of the standard commercially available variety using twin
72 cubic feet tanks. Normally, twin tanks are manifolded and employ single
regulators but on Tektite IZ each tank had a separate regulator. The first tank
was employed until it went "on reserve"  i.e., approximately 200 psi remained!.
Then the diver switched to the second tank.

One of the most significant factors in the increase of diving time noted in the
Tektite II program was the use of the Mark l0 Underwater Breathing Apparatus
 General Electric Company! ~ Five units were procured by the Department of the
interior far uSe by prOgram aquanautS. Theee unitS Were nOt aVailable far
Tektite I because they were under a military security classification at the time
of that program. Adverse comments about this restriction by the Navy appeared
in industry publications. Subsequent testimony by Tektite I aquanauts before
the House of Representative Subcommittee on Oceanography focused attention on the

*A very small amount of time on single tanks and hookah was included with total
SCUBA time to simplify calculations.
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specific desirability of this piece of equipment, and was probably instrumental
in the subsequent declassification of the device.

Two slightly different models of the Mark 10 were employed dux'ing the px'ogram.
More importantly, the somewhat arbitrary operational rules concerning use of the
x'ebreathers were changed as experience was gained. Table 11 summarizes and
compares these factors. To undex'stand the significance of the operational
rules it is necessary to have an undex'standing of the closed cycle breathing
apparatus.

The Mark 10 Nod 3 closed cycle breathing apparatus can provide life support for
a diver for time periods which can reach 12 hours or for depths which may reach
1500 feet. This is accomplished by 3 basic functions.

o Sensing and maintaining the oxygen partial pressuxe at a preselected level
o Removing carbon dioxide exhaled by the diver from the circulating gas mix-

ture

o Naintaining the breathing gas at the pressure of the surrounding watex'

A simplified schematic of this device is shown in Figure 5. General charactex'istics
of the Mark 10 Mod 3 are given in Ref. �5!. Specific details on operation and
maintenance are continued in Ref. �6!.

Each aquanaut-scientist was x'equi.xed to complete an intensive 6 day training
course on the Nark 10 before the mission. This course included theory, main-
tenance and trouble-shooting but relied heavily on in-water training. Not all
aquanauts were deemed qualified to use the device and the outstanding safety x'ecord
of the program is the best testimony to the thoroughness of the instruction. A
complete discussion of the formal program requirements concerning the use of
the rebreather is given in Ref. �1!. Some of the restrictions on the use of
the equipment were somewhat arbitrary and undoubtedly tended to reflect a very
conservative approach to the service life of the expendable CO scrubber canisters.

CO scrubber canisters are prepackaged assemblies which are discarded completely
after use. Since these scrubber canisters cost approximately $30.00 each, there
was a natural tendency to get full use from each canister.

The time required to disassemble and clean a rebreather varies between 20 and 30
minutes. In general it may be done alone but both set up and tear down are best
accomplished by buddy teams assisting one another.

Table 12 summarizes rebreather use by various mission teams. Table 13 summarizes
data on performance by individuals. As indicated, sevex'al individuals were pro-
hibited from using the rebreather during this program. In several cases qualified
users showed little inclination to use it and for obvious reasons its use was

not mandatory.

Using the data of Table 13 the null hypothesis that there are no significant
differences in the avex'age number of minutes per day on rebreathers between
missions was tested for nine teams.
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Table 12 Summary of Rebreather Use by
Teams  Sceintist-Aquanauts Only!

Total Rebreather

Use  Minutes!Team Remarks

Qualified team pre-
ferred to use Scuba

Only 3 members of
teams qualified

Total 39,993 .30

Table 13 Summary of Rebreather Use
by Individuals  Minutes!

Team

Diver 1 2 7 8 10

0 2729 1715 477 500 1839 2826
1127 789 1258 0 1259 2162 0
1335 1898 1270 0 490 2562 1898

0 363 718 472 1240 2711 488

0 3778 4089 2462 5779 4961 949 3489 9274 5212Total

*Scientists Only

8

9

10

B

C D

3778

4089

2462

5779

4961

949

3489

92 74

52 12

0 1186 1536

0 511 1137

0 585 480

0 1496 936

Ratio of Total

Rebreather Use

to Total Diving
Time

.26

.21

.27

.41

.26

.07

.30

.80

.49

Rebreather not avail-

able

Used MK10Mod 0

Only 2 Members of
team qualified
Female team



An analysis of variance performed using these data gives the results in Table
14 and indicates rejection of the hypothesis. The test statistic if F
2.597 > 2.4; oc. = .05 which indicates that there are significant, diffef'ences8 22

between missions.

Mean times for missions are ranked in Table 15. It is noteworthy that the two
teams which spent the most daily time on rebreathers were those which were able
to take advantage of changes in operational procedures which would permit re-
peated use of the rebreather canisters without disassembling the units.

Duncan's Multiple Range Test when applied to the data of Tables 13 through
15 indicates that the teams can be expected to come from a common population.

Using the normalized data of Appendix A it appears that while rebreathers accounted
for approximately 30%, of the total dive time on the program, only 15% of the
dives were made on rebreathers. Thus, their impact on the program is seen to
be substantial. Because of the interest in extending dive duration it is use-
ful to evaluate the duration of rebreather dives. Figure 6 indicates the number
of dives of various durations for Team 10. In general, rebreather dives for
a period less than 1 hour would indicate an equipment malfunction.  Not
necessarily the rebreather! . Therefore, it appears that all aquanaut equipment
functioned well for Team 10. One might have expected that one group of dives
would have clustered around 4 hours and another around 2 hours. Instead, it
appears that after some time in the vicinity of 3.5 hours, a diver has "had
enough" and is ready to come home. This indicates strongly that the preferred
pattern of use may closely resemble the pattern of work in a laboratory. Ideally,
a user might prefer to eat breakfast, work for 3 to 3.5 hours, break for lunch,
and again return to the water for a period of from 3 to 3.5 hours. Such a,
schedule would tend to fit conventional work patterns and would, simultaneously
minimize the time required for preparation and recovery from diving.

The conclusion to be drawn from Figure 6 is that there is little to be gained
by extending the duration of a single dive beyond 4 hours but much to be gained
by establishing that rebreathers can be safely used for 2, 3 or 4 hour periods
within a conventional 8 to 12 hour working day.

Table 16 summarizes the time spent on conventional SCUBA by each team and compares
the ratio of SCUBA use to total diving time. Figure 7 indicates the relationship
between depth and dive duration fear standard SCUBA tanks. It is apparent that
for slow swimming  breathing 1 ft per minute! at a nominal depth of 60 feet
on twin tanks, the expected dive duration will not exceed 70 minutes

 e.g. 2 x 100 x .35 = 70 minutes!. For 40 scientists the average SCUBA
dive duration was 59.3 minutes.

Since this 59 minutes included transit time to and from the work station it is
apparent that for equal time in water, fewer long duration dives are preferable.
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Table 14 Analysis of Variance
 Minutes per Day, Rebx'cather!

Sum of Squares Mean Square F RatioSource of Variation

4916.606

1778.858

Between Teams 36956.848 2.597

Within Teams 39134.871

Totals 30 76091.688

Table 15 Average Time per Day on
Rebreathers by Teams  Minutes!

Team No. Team Avexage

9

8 7
6 5
4 3
2 1

7

8 2 3
6

4 5
10 9

24. 9

43. 6

47.2

53.8

59. 1

64.8

103.2

124.0

128.7
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Table 16 Summary of SCUBA Use by Teams*
 Scientist-Aquanauts Only!

Remarks

8437 1. 00

.74

~ 79

6730 .73

8199 .59 Female team

.74

.93

8131 .70

2298 .20

10 5380 .51

Total 91,442 .70

*A very small amount of diving time on hookah has been included for convenience
in calculations.

Total Scuba Use

 Minutes!

10,874

14,834

14,025

12, 534

Ratio of Total

Scuba Use to

Total Diving Time

Rebreather

not available

2 Members

could not use

rebreathers

Team preferred
Scuba

1 Member could

not use re-

breathers
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GROUP COMPARISONS

Does the burden of leadership mean that leaders have less time to spend diving
or are leaders inclined to "show the way" and spend more time in the wafer? The
role of leadership in deep habitats was explored in some detail by Helmreich �2! .
He concluded that "the picture of the desired leadex' which emerges is of an
olde~, mature perhaps aloof man rather than someone more social, fearless and
high performing." It is doubtful if these conclusions are directly applicable
to shallow water saturation diving by scientists where stresses are lower, and
the general maturity of all participants is high. Furthermore, Helmreich's
observations were based on observations of a population in a military situation
where characteristics of leadership tend to follow cex'tain patterns. In any
case, the role of leadership in Tektite II was of considerable interest to NASA
since they must consider an analogous situation in space stations when crews
are rotated. Fox this reason, in Tektite II, NASA stipulated that habitat
engineers perform as crew leaders on several missions so that the effect of over-
lapping could be evaluated. Since engineers spend considerably less time diving,
the missions whex'e this occurred are of less interest.

On missions 1, 2, 5, 6, 9 and 10 the team leaders were scientists and the
leadership role was not rotated. Using these 6 teams as a population we can
determine if leaders perform differently from non-leaders. Variance ratios for
3 parameters ax'e compared in Table 17.

For & = 0.05, F = 2.81. Since all of the F values in Table 18 are less than
5 172.81, we can reqhcr the hypotheses that performance by leaders is significantly

different from non-leaders.

This conclusion seems reasonable for Tektite where the demands on the designated
leaders were minimal. On other progz'ams where water is deeper, darker or colder
or where the crew members are selected on the basis of other critex'ia the burden
of leadership may become more apparent.

More detailed studies of. leadership are being made by NASA and the U.S. Navy
and may add information on the role of leaders at a later date.

During the planning stages for Tektite II as the call for experiments was
submitted to the marine scientific community, the question was raised-will
qualified women scientists be prohibited from participation based upon their sex.
Madame Cousteau had already demonstrated that. a woman could successfully occupy
an underwater habitat �! and so the issue hinged very simply upon the issue
of discomfort and inconvenience which would result from confining women in an
enclosed space with othex' scientist divers. For this reason it was decided that
in the event enough qualified women scientists submitted proposals that a separate
all-female mission would be scheduled. This was in fact what happened and upon
the acceptance of proposals by 4 female scientists it became necessary to select
a female engineer.
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Table 17 Variance Ratios - Parameters

Indicating Effect of Leadership
Role

Sl
~S

2

Test Parameter

Minutes per
Day  Average!

6431.8 2700.9 2.38

Dive per
Day  Average!

. 9823 .5079 1.93

Minutes per
Diva

984.6 564 ' 3 1.74

Table 18 Variance Ratios-Parameters

Comparing Male and Female
Performance

Test Parameter

Minutes per
Day  Average!

6073.0 2983. 0 2.04

Dives per
Day  Average

. 362 .497 .73

Minutes per
Dive  Average!

162. 0 370.8 .44

Table 19 Comparison of Weight Change
Parameters - Males and Females

4 Weight
Change

-3.60 � ~ 0211
Scientists

� .0228-2.75

+.0009+ ~ 17

Engineer
-2. 0 � .0166Female

Variance

 Leaders!
Sl

Variance

Women

 S !
1

Male

Female

Male

Variance

 Non-Lyaders!
S2

Variance

Nen

 S !
2

Weight
Change

 lb. per Individual!

F2
S

~S
2
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The concept of all female team was popular with the press and their mission
received extensive press coverage both in the U.S. and overseas. The qualifi-
cations of the crew were impressive. Members of the team were:

Dr. Sylvia Earle Research Associate in Botany, Los
Angeles County Museum
Biological Oceanographer, Tulane
University
Graduate Student, Marine Ecology,
Scripps Institute of Oceanography
Graduate Student, Marine Biology,
Scripps Institute of Oceanography
Graduate Student, EleCtriCal Engineer-
ing, University of Delaware

Dr. Rena te True

Ann Hartline

Alina Szmant

Margaret Lucas

All were qualified divers and with the exception of the habitat engineer, all
had extensive open water diving experience. The mean age for the group was
29.3, slightly less than that of males, 33.1.

Performance measures by this team are summarized in Appendix A and Table 18
compares variance ratios with males. For oc = 0.05, F = 2.81. Since all

5 17of the F values in Table 18 are less than 2.81 we can fe3ect the hypothesis
that female performance, as measured by the three selected parameters, is
significantly different from male performance. The performance of individual
women as shown in Table 5 and 7 is, nonetheless, outstanding.

From a more subjective standpoint, a review of the program logbooks lead one
to infer that the women approached their mission in an aggressive and highly
competitive spirit. This is evidenced by the fact that surface watch directors
kept a daily tally of cumulative dive times for females. This was rarely done
on other missions and was never done as frequently or as thoroughly on other
missiorrs ~

"the only thing men can do down here ~ ..that we can' t...is grow beards."

"They  surface support personnel! were protective to the point of
harrassment. They kept saying they didn't want us to hurt our-
selves. They didn't think we would be able to handle our breathing
tanks. "

"The theory that diving is for men only is a hairy-chested syndrome."

These suggest that perhaps like Avis, the female team was "trying harder."

Surface support personnel indicated a sense that the team was conscious of being

Some of the competitiveness may have been attributable to the interest inititated
by journalists with recurrent questions related to the popular topics of
"women's liberation" or "male chauvinism." In any case, several quotes by the
team from press clippings include the following:
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in competition with male teams and were highly motivated to spend time outside.
Program logs show that they did not sleep regularly. A detailed study of the
use of two way closed circuit TV between the habitat and the surface noted that:

"...the female aquanauts, as a whole, used the video phone less
than any of the other teams; and they rarely used it for social
purposes. Interestingly enough, they also spent more time in
the water  outside the habitat! than any of the other teams, and
as one of them said, she was so busy working that she had little
time to talk with anyone on the surface except when absolutely
necessary." �7!

Their efforts are indicated to some extent in Table 19 which compares average
weight loss and percentage weight loss. As a group, the women lost the
highest percentage of body weight but the values for % weight loss for males
and females are strikingly close. It is apparent also that male engineers
expended considerably less energy than their scientist companions. Subsequent
programs might well try to correct this unbalanced condition by assigning
additional work to the engineer.

In any event, if they tried harder they were successful. Based on the criteria
selected as performance indicators the women performed superlati.vely and one
must conclude that they earned a role for women participants in future shallow
water diving programs.

An interesting sidelight to female participation in the Tektite Program can
be taken from a recent study of male groups. �8! Tiger suggests that males
aggregate in all male groups as a result of a genetically transmitted tendency
to form male-male  non-erotic! bonds which are analogous to male-female bonds.
He contends that this tendency dates from man's development as a hunting carn-
ivore and has been refined by specialization and natural selection.

"My proposition is that specialization for hunting widened the gap
between the behavior of males and females. It favored those "greater
packages" which arranged matters so that males hunted cooperatively
in groups while females engaged in maternal and some gathering activity.
Not only were there organic changes in perception, brain, size, posture,
hand formation, locomotion, etc. but there were also social structural
changes. The male-female link for reproductive purposes and the female-
offspring link for nutritive and socialization purposes became "pro-
grammed" into the life cycle of the creatureS. It is suggested here
that the male-male link for hunting purposes also became programmed"
to ensure equal non-randomness in the conduct of social relationships
in this matter as in reproductive ones."

This argument is buttressed by considerable data which includes the percentage
of women participants in various community organizations in many nations and
concludes:
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"With the exception of the USSR where 17 percent of the Supreme
Soviet  which has very little power! is female, 5 percent appears to
be the maximum of female participation in various parliaments. It
is a maximum seldom attained; Netherlands - 5 to 6 percent; French
Assembly � 3.6 percent; Norway - 4 percent; U.K. � 3 percent; United
States Congress - 2 percent.

In the local and municipal bodies, the proportion is seldom higher
and often lower...At the governmental level, women play an even
smaller part."

From these types of considerations, one might be led to conclude that for reasons
unrelated to ability, women are not likely to play an increasingly large role
and on programs involving more uncertainty or danger, their role could possibly
decrease or disappear. This is perhaps an unfortunate and reluctant conclusion
in view of performance. Based upon Tektite II performance data, qualified women
scientists belong in subsequent shallow water programs.
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NIGHT DIVING PERFORMANCE

During the program, a total of approximately 381 night dives were made by
scientists. This number is called "approximate" because there is no precise
demarkation between day and night. In order to separate all diving activities
into day or night categories a night dive was defined to be one which started
after sunset, or ended before sunrise. Several scientists had a particular
interest in crepuscular activity and these cases were treated as daylight
dives. There were very few long duration dives which spanned the period
from full daylight to full darkness. Allowance was made for changes in the
time of sunrise and sunset during the program but variations in light due
to bad weather, overcast or haze was not considered.

Night diving differs from daylight diving in that it is more hazardous. It
is more difficult to maintain visual contact with companion divers and it is
harder to recognize surrounding terrain features. The use of flashlights and
emergency signal lights is mandatory. Operating procedures required night
divers to carry two emergency lights  battery powered xenon flashers!. One
was attached to the diver and the other to a tethered balloon which could be
released to the surface.

At night when they are most difficult to see, the long spined sea urchins
 diadema! leave their crevices to feed and the likelihood of a painful encounter
is greatly increased. However, night diving on Tektite was similar to night
diving anywhere in that the worst dangers are not from marine preoators. In
summarizing a summer of night diving Schroeder states �9!:

"None of our real emergencies involved dangerous animals. As in
daylight diving, all our troubles resulted from equipment, failures
or carelessness."

The duties of safety divers at night are more demanding. Reduced visibility
hampers the operation of small craft and makes diving from the surface more
hazardous. For night dives to be made, a full 3-shift operation of safety
divers must be maintained.

One purpose in carefully evaluating the role of night diving is to assess
potential economies which might result from limiting or restricting night
diving. The idea is not to limit or restrict opportunities for scientists to
dive and work at night but rather to direct. the patterns of night diving in
order to obtain overall program economies. These economies can be determined
if it is possible to reduce the size of a shift during any eight hour period in
which it is known that no diving will occur.

Statistical data on night diving is summarized in Table 20 . The match Directors
Logbooks reveal a wide degree of variability in range, duration and number of
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Table 20 Summary of Average Duration of Night Dives
Within a 24 Hour Period  Minutes Per Day!*

Team

Individual 2 3 4 5 6 7 8 9 10

27.6

21.8

32,7

37.7

34.6 30.1

8.7 49.4

9.2 28.9

43.5 54.9

2.1 36.1 17.3
61. 1 12. 1 21,6
60,0 33.2 21.3

3.7 14. 6 27. 5

30.0 24 ' 0 40.8 31.7 41.8 64.6 42.4 24.1 21 ' 9 43.0

65.8

39.1

31.6

30.6

60.8

32.7

55.7

22.8

A B C D
Team Mean

*Scientist Only

Table 2 1 Analysis of Variance  Minutes
per Day, Night Diving!

Mean Squaredf Sum of SquaresSource of Variation F Ratio

Between Teams

Within Teams
6007.148

8284.555
667.461

267.152
2.4179

30

Table 22 Average Time Per Day Spent
Night Diving by Teams  Minutes!

Team NumberRank Team Average

10 9
8 7
6 5
4

3 2 1

9

2 8 1
4 3 5
7

10

6

21. 9

24.0

24.1

29.9

31.7

40.8

41.8

42.4

43.0

64. 6



dives between individuals. For example, there are several cases when individuals
made frequent night dives at intervals of 30 minutes for durations of 2 to 3
minutes. These dives were typically made for serial observations or serial
sampling and could only be performed on one or two nights. Dr. James Tyler,
icthyologist, described his activities this way:

"Two nights in a row I went out every hour to check a sponge on a
reef in front of the habitat. It only took me a minute to look
inside, to see if a sponge dwelling fish was there and note what the
fish was doing. In between sponge checks every 60 minutes all night,
I drank coffee to stay awake and watched the tarpon swirling through
a graceful ax'c around the habitat occasionally snapping at little
fishes. �0!

Other dives were made for long durations and to considerable distances fx'om the
habitat.

Using the data in Table 2Q we can test the hypothesis that there is no significant
difference in night diving between teams. The results of an Analysis of Variance
are given in Table 2:1 and indicates that the hypothesis should be rejected.
The test statistic is F = 2.42 > 2.21; K= .05. Table 22 summarizes and
ranks teams with regard fo night diving.

To determine which teams could come from a common population the data in
Table 20 was used to perform Duncan's Multiple Range Test. The results indicate
that Team 6 differed gx'eatly from the common population in the amount of night
diving. Team 6 was the most active. When we consider the experiments conducted
by members of Team 6,  see Table 3! this is not surprising since octopods ax'e
nocturnal.

From the foregoing, it can be inferred that the teams which did the heaviest,
night diving knew of their intention well in advance of their mission.

It is likely that a sux'vey taken prior to the start of the program would have
revealed those individuals who would require the heaviest schedule of night
diving. These individuals could have been scheduled together. On subsequent
programs individuals requiring few night dives could be teamed in such a way
that the burden of surface support could be reduced.

The logbook indicates variability in the pattex'ns of night diving. Some teams
completed their night dives shortly after midnight. Others were awakened in
the early morning hours to begin diving. Where such patterns occur near the
time of a regularly scheduled shift change  e.g., midnight!, a slight
shifting of dive schedules might greatly facilitate the role of surface support.

While no attempts should be made to reduce or restrict night diving, it is
reasonable to specify conditions on diving. For example, during a two week
mission, night dives between 0030 and 0830  a typical third shift schedule!
could be restricted to the second week of the mission. If such a limitation
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could be used to effect a reduction in the total number of surface personnel
required, then it would have a significant influence on total program cost.
Careful planning based on factors such as these will be required to reduce
the number of support personnel required and to make scientific saturation
diving more efficient.
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VII

SWIMMER MOVEMENT

It is interesting to consider the distances traveled underwater by diver scientists
in the performance of their tasks. An analysis of typical excursions may be
useful to future missions planners since the Marine Science Council �0! has
stated that "swimming is a very inefficient method of propulsion and small pro-
pulsion units are required for certain «obs." In testimony before a House
Subcommittee, Tektite I aquanauts stated that after closed circuit breathing
devices, the most needed item was "swimmer propulsion units for transporting
devices from place to place on the sea floor." �0!

Determination of excursion distances during Tektite II is complicated by the
fact that:

1. distances are only determined from dive plans reported to the surface
in advance of the dive

2. divers often change their plans and
3. divers often tend to overestimate in their planning.

Nevertheless, the information provided by diving logs provides general guidelines
to excursions from the habitat. Figure 8 shows the Tektite II site but excludes
the grid which was used by surface support personnel. The chart was prepared
by Dr. H.E. Clifton of the U.S. Geological Survey and is shown in Ref. �8!.

Grid spacing intervals are 100 feet. Using the diving logs, Missions 9 and 10
were selected arbitrarily and the number of diver visits to various zones was
tabulated. Results of these tabulations are given in Figure 9 and 10 ' It can
be determined that most dives are made to relatively short distances from the
habitat. Table 23 summarizes ranging activity. Data from other missions does
not appear to differ substantially from that for Teams 9 and 10.

These relatively short distances are not the result of limited duration capability
of equipment. As shown in Appendix A, the mean duration for all scientific
dives was 75.7 minutes. Reference �1! determined that divers can sustain a
mean velocity of 1.1 mph over distances of 1/2 mile. Thus it appears that the
excursions on Tektite reflected the needs and requirements of the diving scientists
rather than a restriction imposed by breathing devices.

It should be noted that Tektite II was conducted in calm, warm, clear water where
conditions are nearly optimal for safe, comfortable diving. On other saturation
programs in colder, deeper or more turbid waters it is unlikely that greater
excursion distances will be encountered at least not until there have been
significant. breakthroughs in homing devices and safety equipment. Fo» this reason,
information in Table 23 should suggest that in the subsequent procurement of
swimmer propulsion aids for scientists working from habitats, primary emphasis
should not be placed on extended range or on extended duration but nn other
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Distance

 Yards! Team 9 Team 10

56.476.6

79.596.0

99.5 93.0

100.0 99.6

100.0

0-100 yards

0-200 yards

0-300 yards

0-4 00 yard s

400 yards

Table 23 Typical Excursion Distances
Teams 9 and 10

% of Visits to Site in Varying Range
Brackets to Total Visits
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parameters such as reliability or ease of maintenance.

En his "Quick I,ook" Report to the Department of Interior, Georges Harmelin
jTeam 10! stated

"I spent, for my part, 4 to 6 hours in the water each day. For
an average of 5 hours, the division of my dive time was generally
as follows:

1 1/2 hours: effective work at my station
1 hour: accompanying one of the crew during his work
2 1/2 hours: travel to the place of work, general biological

observations underwater photography..."

Thus, perhaps 50% of total time in the water may be required for travel to and
from work stations. The case for swimmer propulsion aids is strong.
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MULTIPLE DIVES

One of the expected results of this study was a dramatic difference in performance
between users of rebreathers and users of SCUBA. The reason for the absence
of such a shax'p difference is not immediately apparent. One possible answer may
be that the greatly improved "efficiency" of the rebreathex's allows the scientist
to spend more time on station for less total time in the water. A diver x'elying
on rebreathers and making a few long dives, will spend more time at his work
station than a diver wha spends the same time in the water but wha makes shorter,
more frequent dives. This is difficult ta demonstrate quantitatively but can
easily be proved by inference.

During the Tektite I program, an attempt was made to determine the time required
to prepare for a dive and to recover from the dive after returning ta the habitat.
These times were determined for each diver by a surface observer who recorded
information according ta the legend which is shown in Table 24. Thus, available
records shaw, with considex'able px'ecision, the time spent before and after dives.
The sum of these times can be considex'ed as the "equipment penalty" and is
independent of the time spent in the water. Data fox' all of the dives on
Tektite I is summarized in Table 25. From this table it can be seen that a
typical dive requires approximately 16 minutes of preparation and 9 or 10
minutes for recovery. If we select an "equipment penalty time" of 25 minutes and
apply this penalty ta the number of daily dives made by individuals described in
Table 6, We obtain the reSultS ShOWn in Table 26. ThiS table indiCateS that the
time spent preparing and x'ecovering fram dives is considerable and will sub-
stantially influence the time available for diving. It also indicates clearly
the advantage of improving "in watex'" time by making fewer dives of longer dura-
tion. This penalty is graphically demonstrated in Figure 11. A scatter diagram
relates Average Dive Duxation  minutes! and Average Number of Daily Dives far
Tektite II scientists. The product of these numbers is the average daily diving
time. Lines of constant daily dive time appear as hyperbolas and are shown for
several values. It can be seen that the outer envelope of the points define a
performance boundary. Points along this boundary correspond to the best per-
formance by individual divers. This does not suggest that the points define the
limits of capability or endurance but they da define a limit for practically
realizable performance over a sustained period.

The curve of best fit for this boundary may have considerable practical signifi-
cance and is given by an asymptotic expression of the form   = P + /3/ +
The resulting coefficients are p = 44.1

+ = 33.0
= 0.56

For practical purposes a simple parabola is accurate for 1 CN � and is given by:

Y 32.7 x -283.0x + 659.2
2

 t!



l. Date

2. Diver identification.

3. Time preparations for dive were started.
4. Time preparations for dive were completed'
5. Time at which diver entered water.

6. Time at which diver reentered habitat.

7. Time at which diver began to remove gear.
8. Time at which gear storage was completed'
9. Time diver entered desalinization shower.

10. Time diver completed desalinization shower.

Dive Preparation Time  Min! Dive Recovery Time  Min!

Std DevMedn Std Dev Mean

Diver 1

Diver 2

Diver 3

Diver 4

5.5

11.1

9.8

7.8

16.7

17.5

16. 5

17. 1

9.7

10.0

10.8

11.4

6.5

13.2

11.4

9.0

Daily "Equipment
Penalty" min.!

Average Dives Per
Day During Mission

Diver

1

2 3
4 5
6 7
8

10

Table 24 Legend for Dive Record
Tektite I Program

Table 25 Average Preparation and Recovery Time
for Dives during Tektite I

Table 26 Typical Daily Diving "Equipment
Penalties" for Active Divers-Tektite 2

4.67

3.83

3.75

3.40

3.28

3.27
3.25

3.20

3. 16

3.11

117

96

94

85

82
82

81
80

78

73
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which is superimposed on Figure ll. It is obvious that a swimmer who wants to
improve his daily average time is well advised to make fewer, long dives rather
than more short dives.

Table 27 summarizes the average number of dives per day by individuals and by
teams. Table 2B indicates the results of an Analysis of Variance for performance
between teams and indicates that there are highly significant differences between
teams. Table 29 ranks teams relative to the average number of daily dives.
Duncan's Multiple Range Tests applied to the data in Table 27 indicates that all
teams could be expected to come from a homogeneous subset, except Team 1, the
team which did not have the opportunity to use rebreathers.

Perhaps the best testimony to the advantage of rebreathers for saturation diving
is given by the scientists who used them. The following paragraphs typify
comments by users.

"The ability to leave the habitat at will any time of the day ox night
provided the freedom necessary for effective observation of the behavior
of our subjects in relation to sound production. Bubbles px'oduced by
open circuit diving gear hampered our attempts to observe organisms while
using it. Not only did the bubbles create a great deal of noise but
they frightened the subjects to the point of appreciably altering their
behavior. We, thex'efore, customarily used open circuit apparatus
while performing work tasks not directly associated with behavioral
observations. Never the less, we did obtain a significant amount of
data while using the SCUBA units.

The xebreather units were unavailable to us during the observational
pexiods indicated above. Their low noise level and lack of bubbles
allowed us to approach the subjects, very closely without interfering
with the organisms normal behavior pattern or with the x'ecordings we
were making. At times while wearing the rebreather and remaining quite
still we were tx'eated as a portion of the substrate. With the rebx'cather
on we found that after a short while we were able to detect, with the
unaided eax', both the backgx'ound noises and the sounds produced by
fishes and certain invertebrates..."

In any event, rebreathers can and do improve performance by reducing the need
for tine-wasting, multiple dives.
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Team

Individual 1 2 3 4 5 6 7 8 9 10

4.67

3.83

2.58

3 ' 75

2.77 2.86 2.58

2.56 2.90 2.42

1.49 3.28 2,58

1.85 2.33 2,42

2.55 2.11

3.25 2.37

3.40 2.32

2.75 3.16

2.80

1. 90

2.55

1. 90

1.61 3.27

1.83 3.20

1.67 2.49

3.11 1.70

1.84

1.74

1.89

1. 84

A B C D
3.71 2.99 2.49 1.83 2.17 2 ~ 84 2.50 2.29 2.06 2.67Team Mean

*Scientists Only

Sum of Squares F RatioSource of Variation df Mean Square

10.473

8.666
l. 164

.289
4 ~ 0299

30

Between Teams

Within Teams

Total 39 19. 139

Rank Team Number Team Average

10 9
8 7
6 5
4 3
2 1

Table 27 Summary of Average Number of
Dives per Day*

Table 28 Analysis of variance  Average
Number of Dives per Day!

Table 29 Average Number of Dives per
Day by Teams

4 9
5

.8 3 7
10

6 2 1

1. 83
2. 06

2. 17

2.29

2.49

2.50

2.67

2.84

2.99

3.71
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VIII

CONCLUSIONS AND RECOMMENDATIONS

Based on the foregoing analyses these conclusions can be made.

Rebreather Use

1. The use of rebreathers is a highly significant factor in improving performance
by permitting long duration dives to be made.

2. Teams making the greatest use of rebreathers tended to make fewer dives
than others but these dives were for longer durations and hence were more
efficient.

3. Individuals making most use of rebreathers tended to experience greater
percent weight loss per day.

Night Diving

4. Divers who dive a lot at night tend to dive more at all times than those
who do not.

S. Divers who dive more at night tend to use rebreathing equipment more often
than those who do not.

Female Performance

6. Overall performance by females was outstanding in all categories.

Leadership Responsibilities

7. Leaders do not perform significantly different than non-leaders on any of
the most important measures of diving performance.

Role of Neight

8. Heavy divers spend less time diving than lighter divers.

9. Heavy divers usually make shorter dives than lighter divers,

l0. Heavy divers lose less weight during missions than lighter divers.

Age

ll. Age is not related to diving performance.

In the course of carefully reviewing the Tektite program Natch Directors Log-
books and in discussions with program management, several areas for improvement
were noted and these are given here. These recommendations do not, in many
cases, follow as a result of the analyses but rather from a careful reading of
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program records. The author was privileged to act as habitat engineer  Team 10!
during Tektite II and can evaluate logbook entries based on first hand knowledge
of field conditions. Since these observations may be of use to subsequent pro-
gram planners they are considered appropriate for inclusion.

l.

2.

3.

These devices were used to record behavioral data and their use should be extended
to official program diving records.

As the

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

Subsequent programs should consider the use of designed experiments to
provide information on diving performance.
Subsequent programs should employ a formatted data sheet to assist
watch directors in keeping accurate and complete diving records.
Consideration should be given to the use of "porta punch" devices to
permit data cards to be prepared immediately and inexpensively.

Format sheets should discriminate between dives using single and double
tanks and between various types of insulated garments.
Establish groundrules for scoring dives and train Watch Directors in
their use.

Make use of ear prophylaxis mandatory. Lost days should be minimized by
whatever techniques are most effective. Virtually all of the days lost
to illness were directly or indirectly related to ear problems.
A sufficient quantity of rebreathers should be procured and their use
should be strongly encouraged. If necessary, program schedules should
be delayed slightly if necessary to complete rebreather qualification
training.
Careful consideration should be given to the possible economies which
would result from reducing watch crews at night by placing conditions on
night diving.
Consideration should be given to the use of previous night diving
experience as a determinant in crew selection where all other factors
are equal.
Measures should be taken to prevent the inadvertent interchange of
rebreather covers. This makes trouble-shooting from the surface difficult
and dangerous since the identity of the devices becomes open to question.
Periodic checks of Watch Director Logs should be made by key project
personnel in order to correct problems as they arise. The following
log notation was not resolved.

"Bust wondering � are W.D.'s  Watch Directors! making a post dive
check of rebreathers with aquanauts � I have not been and according
to recent log entries neither has anybody else."

Instructions in log maintenance should be standardized to prevent
ambiguities or omissions.
The role of female aquanauts should be expanded in subsequent programs.
Consideration should be given to the use of weight as a determinant
in crew selection where all other factors are equal.

scientific community becomes increasingly aware of saturation diving, its
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use will grow rapidly. At the present time plans for saturation facilities are
under consideration in the Caribbean, the Gulf' of Mexico, the Great Lakes and
the Pacific Northwest. Japan is constructing a saturation system and Germany
is reconditioning "Helgoland" for a new program. But the key to steady, success-
ful progress lies in the performance of the using scientists. And their success
is tied to improvements in efficiency and effectiveness in daily work. The
analyses described here may help to provide a key to improved performance from
saturation habitats.
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APPENDIX A - Diving Statistics

Al - Total Tektite 2 Scientific Program

A2 � Scientists

A3 � Engineers

A4 - Female Scientiets

A5 - Male Scientists

A6 � Male Engineers

A7 - Rebreather Users

AB - Non-Rebreather Users

A9 � Team Leaders

AlO - Non-Leaders
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